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SECTION  I 


INTRODUCTION 


Digitally  stored  graphics  have  recently  become  viable  for  cockpit 
display  as  a  result  of  process  or  speed  and  memory  technology  developments. 
The  Electronic  Moving  Map  Evaluation  program  provides  a  measure  of  the 
capabilities  available.  The  program  stressed  the  evaluation  of  data-base 
size,  graphics  speed  and  information  content  for  the  tactical  aircraft. 

Program  Scope  -  Within  the  program,  the  main  efforts  involved: 

a.  Digitization  of  map  information 

b.  Display  of  the  map 

c.  Evaluation  of  the  data  base 

d.  Determination  of  the  system  architecture 

e.  Extrapolation  of  state-of-the-art  graphics  speed  for  high 
performance  aircraft. 

The  maps  selected  by  the  Air  Force  included  the  English  Channel 
area,  the  Fulda  area  in  Germany  and  the  Ohio  area  including  Cincinnati, 
Dayton  and  Columbus.  The  map  display  evaluation  information  included 
the  following  areas: 

•  Features  (Lakes,  Roads,  Rivers,  Cities,  etc.) 

•  Color 

•  North  Up  -  Track  Up 

•  Zoom 

•  Coordinate  Rotation 

•  Translation 

•  Digital  Data  Base 

•  System  Mechanization 

In  each,  quantification  of  the  parameters  affecting  the  future 
display  was  investigated. 


A  general  purpose,  high  resolution  RAMTEK  9400  was  used  to  visually 
evaluate  these  efforts.  No  attempt  was  made  to  do  a  Man-in-the-Loop  simula¬ 
tion,  but  it  is  anticipated  this  will  be  the  subject  of  future  efforts. 

1.2  Digital  Graphics  Techniques 

Raster  and  Caligraphics  (Stroke)  are  the  two  major  techniques  available 
for  display  of  digitally  stored  information.  Within  the  Raster  Graphics 
area,  vector  and  imaging  techniques  must  be  considered.  Since  flexibility 
(declutter)  is  important  to  the  situation  display,  vector  graphics  was 
chosen  as  the  basic  approach  to  be  used.  Figure  1  shows  the  comparison  of 
imaging,  raster  and  stroke  systems.  An  explanation  of  those  techniques  is 
given  in  section  2  of  this  report. 

1.3  Data  Base  Generation 

Digital  data  bases  such  as  the  Digital  Land  Mass  system  and  others 
are  being  compiled.  However,  the  identification  of  general  map  cultural 
features  will  not  be  available  in  the  near  future,  so  digitization  of 
features  from  normal  paper  maps  was  done.  This  was  accomplished  by 
using  precision  X-Y  plotting  graphics  equipment  to  generate  digital  data 
representing  each  feature  to  be  displayed. 

1.4  Data  Base  Size 

For  the  120  NM2  areas  chosen,  the  German  map  required  the  largest  data 
base.  In  excess  of  41,000  X-Y  points  were  generated  to  depict  all  detail  on 
this  map.  With  a  16  bit  word  representing  X  and  Y,  this  represents  storage 
of  160K  bytes  which  is  not  large  by  today's  memory  capabilities. 

1.5  Graphics  System  Functional  Architecture 

The  Raster  Graphics  System  to  draw  maps  is  shown  in  figure  2.  The 
"Host"  function  handles  the  outside  world  (I/O)  from  position  and  heading 
sensors  to  the  extraction  of  map  data  from  remote  mass  memory  devices. 

The  information  processing  section  includes  assembly  of  the  "display 
list"  being  used.  The  Graphic  Generator  determines  the  information  to 
be  used  for  the  display  after  the  total  information  has  been  coordinate 
rotated  and  translated  relative  to  the  aircraft  motion.  Within  the 
"Generator"  function,  the  pixels  (smallest  picture  element)  are  computed 
for  presentation  on  the  display.  The  video  generator  stores  the  pixel 
information  which  is  translated  to  video  format  for  refreshing  the  display. 
The  speed  requirements  of  updating  the  map  faster  than  10  times  per  second 
will  dictate  very  high  speed  processing  for  compiling  the  display  list,  and 
doing  the  windowing  and  clipping.  The  pixel  computation  (vector  draw  into 
Memory)  will  impose  the  maximum  speed  requirement  since  it  has  been 
determined  that  pixels  must  be  computed  at  100-150  nsec  per  pixel  rate. 

It  is  within  the  component  state-of-the-art  to  attain  the  speeds  required. 
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Figure  2.  Electronic  Map  Display  Functional  Diagram 


SECTION  II 


MAP  DISPLAY  TECHNOLOGY 


1.  Background 


Paper  maps  have  been  in  existence  for  hundreds  of  years  and  the  use 
for  navigation  is  well  established.  In  recent  years,  the  advent  of  small 
cockpits  and  crews  has  generated  innovations  including  servo  driven  roll 
maps  and  electro-optical  projection  of  film  recorded  maps  to  eliminate 
the  handling  of  bulky  paper  maps. 


Now,  the  digital  technology  available  makes  digital  storage  and  re¬ 
production  of  maps  viable.  To  optimize  this  application,  the  choice  of 
graphic  techniques  must  include  memory  minimization  and  graphics  flexi¬ 
bility  for  the  airborne  system. 


?.  Digital  Map  Techniques 


Within  the  graphics  arena,  there  are  three  basic  techniques  available 


a.  Imaging 


b.  Raster  Graphics 


c.  Caligraphics  (Stroke) 


Each  has  its  advantages  and  disadvantages  which  will  be  explained 
in  the  following  sections. 


(1)  Imaging  -  This  technique  involves  the  storage  of  each  pixel 
(smallest  picture  element)  for  the  resolution  required.  Normally,  the 
data  base  covers  a  much  larger  area  than  the  "viewing  window"  allowed  on 
the  display  so  the  display  can  be  panned  over  the  area  covered  for 
relative  motion  of  the  aircraft. 


Very  high  fidelity  pictorial  presentations  can  be  shown  with  imaging 
systems,  but  the  penalties  are  very  large  data  base  (memory)  requirements 
and  an  inflexible  display  in  terms  of  declutter  (adding  and  subtracting 
features  from  the  display).  As  a  result,  imaging  was  not  considered  for 
the  map  display  evaluation. 


[2)  Raster  and  Stroke  -  These  techniques  are  combined  here 
because  they  both  involve  the  use  of  vector  draw.  That  is,  the  data  is 
stored  as  vector  end  points  and  the  graphics  system  cause  the  line 
between  each  end  point  to  be  drawn  on  the  display.  The  data  stored  is 
very  small  as  compared  to  imaging  and  the  selection  of  the  vectors  to  be 
drawn  can  provide  a  completely  flexible  approach  where  any  one  or  any 
group  of  vectors  can  be  drawn  according  to  the  detail  need  for  a  particu¬ 
lar  situation. 


(3/  Raster  vs.  Stroke  -  The  selection  of  raster  graphics  over 
stroke  was  based  on  several  system  considerations  associated  with  the 
moving  map  evaluation.  The  overriding  limitation  of  stroke  involves  the 
number  of  vector  segments  that  must  be  used  to  display  a  complex  map. 

With  even  a  very  high  sweep  speed  stroke,  only  a  few  hundred  vectors 
can  be  drawn  before  the  persistence  of  the  phosphor  requires  the  picture 
to  be  redrawn  (to  eliminate  undesirable  flicker).  As  will  be  shown, 
detailed  maps  may  require  50,000  or  more  vectors  which  greatly  exceed 
stroke  capabilities. 

In  addition,  the  stroke  monitor  must  be  deflected  by  linear  ampli¬ 
fiers  requiring  excessive  power  as  compared  to  resonant  raster  monitors. 

Another  feature  of  the  raster  system  is  its  compatibil ’ ty  with 
matrix  displays  such  as  flat  plate  L.E.D.'s.  Since  the  *  re  to  be 
displayed  is  stored  in  a  bit-mapped  refresh  memory,  the  splay  is 
directly  compatible  with  any  matrix  display. 

3.  Raster  Graphics 

(1)  Introduction  -  Raster  graphics  is  a  method  of  using  a  digi¬ 
tal  computer  to  create  symbology  on  a  display  surface.  The  display  is  a 
matrix  of  dots  or  picture  elements  (pixels),  arranged  in  a  square  or 
rectangular  pattern,  and  the  picture  on  the  display  is  created  by  lighting 
each  pixel  with  a  certain  color  or  intensity. 

The  display  resolution  is  determined  by  how  many  pixels  there  are 
along  each  axis  of  the  display  matrix.  It  is  possible  to  use  discrete 
elements,  such  as  LED's,  to  form  the  matrix,  or  it  may  be  created  on  the 
face  of  a  CRT  by  sweeping  an  electron  beam  across  the  tube  from  left-to- 
right  and  top-to-bottom  to  cover  the  matrix  area  (raster).  The  beam  is 
modulated  to  control  the  color  or  intensity  of  each  pixel.  If  a  CRT  is 
used  as  the  display  device,  the  beam  must  continually  scan,  or  refresh, 
the  matrix  area  because  of  the  short  persistence  of  the  phosphors  on  the 
face  of  the  tube.  The  refresh  rate  must  be  high  enough  to  prevent  the 
phosphor  from  decaying  between  refreshes  and  causing  an  annoying  problem 
known  as  flicker. 

The  symbology  on  the  display  is  defined  by  digital  information 
stored  in  a  memory,  commonly  referred  to  as  refresh  memory.  A  "plane" 
of  refresh  memory  is  an  area  of  memory  that  has  one  bit  corresponding  to 
each  pixel  on  the  display  surface.  When  the  display  is  refreshed,  the 
information  in  refresh  memory  is  serialized  and  synchronized  with  the 
beam  scan  to  turn  the  beam  on  or  off  at  each  pixel  position.  A  single 
plane  of  refresh  memory  can  produce  only  a  single-color,  or  monochrome, 
display  because  each  pixel  can  be  either  on  (a  "1"  in  refresh  memory)  or 
off  (a  "0"  in  refresh  memory).  If  a  multi-color  or  variable-intensity 
monochrome  display  is  desired,  more  than  one  plane  of  refresh  memory 


must  be  used,  creating  a  three-dimensional  memory  array.  The  number  of 
colors  or  intensities  that  can  be  produced  is  determined  by  how  many 
planes  of  refresh  memory  are  used.  Three  planes  of  refresh  memory,  for 
example,  can  produce  an  eight-color  display. 

(2)  Creating  a  picture  -  In  order  to  create  a  picture  on  the 
display,  data  must  be  written  into  refresh  memory.  Three  primary  elements 
are  used  to  create  pictures: 

1)  Vectors .  These  are  straight  line  segments  drawn  between  two 
points  on  the  display.  The  vector  start  point  can  be  specified  by  a 
positioning  instruction: 

MOVE  (Xi.Yj). 

This  instruction  initializes  the  vector  generator  to  begin  drawing  the 
vector  at  the  point  (Xj.Y!).  When  the  MOVE  instruction  is  followed  by 
a  vector  draw  instruction: 

DRAW  (X2,Y2) 

a  vector  is  drawn  to  point  (X2,Y2).  The  vector  generator  must  determine 
which  pixels  lie  closest  to  the  straight  line  between  the  vector  start 
and  end  points  and  write  into  the  refresh  memory  bits  corresponding  to 
those  pixels.  If  several  consecutive  DRAW  instructions  are  given,  the 
result  will  be  linked  vectors,  where  the  start  point  of  each  vector  is 
the  end  point  of  the  preceding  vector. 

In  many  cases,  it  is  desirable  to  draw  dotted  or  dashed  lines, 
called  textured  vectors.  Textured  vectors  can  be  produced  by  providing 
a  means  of  specifying  a  repeating  pattern  of  l's  and  0's  to  the  vector 
generator.  When  the  vector  pixels  are  computed,  only  those  with  a  "1" 
in  the  texture  pattern  will  be  written  into  refresh  memory.  For  example, 
if  the  16-bit  pattern: 

0101010101010101 

is  specified,  the  vector  generator  will  write  only  every  other  pixel 
into  refresh  memory,  resulting  in  a  dotted  line.  The  pattern: 

1110111011101110 

will  generate  dashed  vectors  with  dashes  3  pixels  long  and  one  pixel 
space  between  dashes.  (A  pattern  of  all  l's  will  cause  the  vectors  to 
be  solid  lines . ) 


One  final  word  about  vector  drawing  instructions.  It  should  be  possible 
to  specify  both  MOVE  and  DRAW  instructions  with  either  absolute  or 
relative  arguments.  The  absolute  form  of  the  draw  instruction: 

DRAWA  (X,Y) 

will  draw  a  vector  from  the  start  point  to  the  coordinate  (X,Y).  The 
relative  version  of  the  draw  instruction: 

DRAWR  (AX, AY) 

will  draw  a  vector  to  an  end  point  offset  from  the  start  point  by  AX  and 
AY. 

In  practice,  a  subroutine  of  relative  MOVE  and  DRAW  instructions  can  be 
used  to  define  a  sub-picture,  then  this  sub-picture  can  be  drawn  anywhere 
in  the  picture  by  setting  the  starting  point  with  an  absolute  MOVE 
instruction. 

2)  Filled  Polygons.  These  picture  features  are  generated  by 
defining  a  series  of  linked  vectors  that  form  a  closed  polygon.  Circuitry 
in  the  graphics  processor  translates  this  outline  to  a  series  of  horizontal 
or  vertical  vectors,  spaced  one  pixel  apart,  that  form  a  solid  area  on 

the  display  within  the  boundaries  defined  by  the  polygon. 

3)  Alphanumeric  Characters.  Text  can  be  displayed  by  specifying 
to  the  graphics  process  a  string  of  character  codes.  These  codes  may  be 
standard  ASCII  codes  which  will  produce  pre-defined  character  symbols  on 
the  display,  or  special  codes  that  allow  user-defined  symbols  to  be 
displayed.  These  programmable  fonts  are  defined  by  the  user  as  a  matrix 
of  l's  and  0's. 

The  font  matrix  can  be  written  into  refresh  memory  as  though  it 
were  separate  horizontal  vectors,  positioned  one  below  the  other,  with 
each  vector  textured  as  defined  by  one  horizontal  line  of  the  font 
definition.  Text  is  positioned  on  the  display  by  using  MOVE  instructions. 

From  the  preceding  discussion  of  the  primary  picture  elements,  it  can  be 
seen  that  all  pictures,  even  those  with  filled  polygons  and  alphanumeric 
text,  can  be  generated  using  combinations  of  a  single,  basic  component  — 
textured  vectors. 

The  primary  advantage  of  constructing  pictures  using  only  vectors  is  the 
speed  with  which  the  picture  can  be  written  into  refresh  memory.  It  is 
possible  to  design  special  high-speed  digital  circuitry  that  processes 
MOVE  and  DRAW  instructions  much  more  rapidly  than  if  the  vectors  were 
generated  using  high-speed  processors  and  firmware. 


This  speed  advantage  is  especially  important  when  the  graphics  applica¬ 
tion  requires  that  the  picture  be  updated  frequently  in  order  to  produce 
a  dynamic  display  image.  When  each  "frame"  of  the  moving  picture  can  be 
drawn  quickly,  the  picture  update  rate  is  increased,  resulting  in  a 
smoother  motion  on  the  display. 

For  very  dynamic  display  applications,  a  double-buffer  refresh  memory  is 
sometimes  used.  While  the  display  is  being  refreshed  from  picture 
information  contained  in  one  buffer,  the  other  buffer  is  erased,  and  the 
next  frame  is  drawn  into  it.  When  the  drawing  is  completed,  the  buffers 
are  exchanged,  and  the  process  continues. 

3.  MAP  EVALUATION  PROGRAM 
1.  Laboratory  System. 

Figure  3  shows  the  interconnection  of  equipment  used  in  the  labora¬ 
tory  simulation  of  the  electronic  moving  map. 

A  PDP-11/03  host  processor  was  used  to  control  the  Ramtek  9400 
graphics  processor,  which  generated  the  map  display  on  a  high-resolution 
color  CRT.  Program  development  for  the  map  display  was  done  using  the 
PDP-11/03  and  the  Digital  Equipment  Corp.  (DEC)  RT-11  operating  system. 

The  dual  floppy  disk  drive  connected  to  the  PDP-11/03  stores  both 
the  host  computer  program  and  the  map  feature  data,  which  is  generated 
independent  of  the  PDP-11/03  computer.  To  display  a  map,  the  control 
program  is  first  loaded  into  the  PDP-11/03  by  the  operating  system. 

Next,  this  program  is  used  to  read  map  data  from  the  disk  and  convert  it 
into  tl 3  form  of  graphics  instructions.  These  instructions  are  trans¬ 
ferred  to  the  graphics  processor  to  draw  the  map  picture. 

The  keyboard  connected  to  the  graphics  processor  has  special- 
purpose  keys  which  are  used  to  select  the  map  features  to  be  displayed. 
These  keys  are  implemented  so  that  if  a  particular  map  feature  is  not 
displayed  and  the  key  corresponding  to  that  feature  is  pressed,  the 
feature  will  be  added  to  the  display.  Other  keys  on  the  keyboard  are 
used  to  control  map  mode  (north-up  or  track-up),  map  scaling,  and  center 
ing  of  the  aircraft  or  cursor. 


Z .  Map  Features. 

As  a  requirement  of  the  contract,  two  120  NM2  areas  were  digitized; 
one  centered  on  the  English  Channel  and  the  second  center  at  Fulda,  West 
Germany. 


ENGLISH  CHANNEL  MAP 


MAP  FEATURES  X-Y  POINTS 

Land-Water  Boundaries  1995 

Large  Rivers  32 

Small  Rivers  7939 

Cities  4162 

Towns  164 

Divided  Highways  524 

Primary  Roads  3025 

Secondary  Roads  3136 

Two-Track  Railroads  1342 

One-Track  Railroads  1357 

Power  Transmission  Lines  1260 

Major  Airports  17 

Emergency  Airports  15 

Obstructions  74 


Restricted  Zones 


226 


WEST 

GERMAN  MAP  -  FULDA  AT 

CENTER 

FEATURE 

SYMBOLOGY 

No. 

X-Y  POINTS 

Lakes 

Blue  Areas 

233 

2492 

Large  Rivers 

Blue  Line 

8 

142 

Small  Rivers 

Blue  Line 

694 

13127 

Cities 

Yellow  Areas 

425 

6066 

Towns 

Yellow  Dots 

307 

307 

Divided  Highways 

Yellow  Lines 

82 

1167 

Primary  Highways 

Yellow  Lines 

460 

5111 

Secondary  Highways 

Yellow  Lines 

474 

5493 

2-Track  Railroads 

Green  Lines 

74 

1521 

1-Track  Railroads 

Green  Lines 

213 

4067 

Power  Transmission 

Lines 

Blue/White  Lines 

227 

1607 

Major  Airports 

Solid  Magenta  Circle 

15 

15 

Emergency  Airports 

Magenta  Circles 

56 

56 

Obstructions 

Red  Symbol 

126 

126 

Restricted  Zones 

Red  Lines 

18 

58 

3.  Map  digitizing  technique. 


The  map  data  required  for  the  raster  graphics  system  involves  the 
vector  (X,Y)  start  point  and  end  point  in  the  system  "global"  coordinates. 
This  corresponds  to  digital  land  mass  coordinates,  map  latitude  and 
longitude,  etc.  Since  the  most  available  data  is  on  paper  maps,  a 
digitizing  technique  was  development  to  plot  the  features  from  the  maps 
into  the  display  coordinate  system. 

(Ij  Graphics  plotter.  Use  of  LSI's  graphics  plotting  equipment 
provided  the  semi-automated  X-Y  data  and  the  necessary  resolution  to 
establish  the  data  base.  Functionally,  the  equipment  provides  a  resolution 
of  0.001  inches  on  the  digitizing  tablet  which  represents  about  20  feet 
on  the  1:250,000  TPC  maps  used. 

Operationally,  the  graphics  personnel  track  the  feature  (road, 
river,  city,  etc.)  with  a  magnifying  "puck".  For  a  linked  vector  line 
feature,  the  X-Y  end  points  were  recorded  when  the  line  deviated  from  a 
straight  line  by  more  than  175  feet  (0.008  inches),  thus  ending  one 
vector  and  starting  another. 

( 2)  Vector  lists.  Figure  4  shows  the  data  format  used  by  the 
graphics  equipment.  As  can  be  seen,  the  recorded  data  include: 


a. 

Feature  type  and  color 

b. 

Identification  card  (river, 

city,  etc.) 

c. 

Block  Count 

d. 

X-Y  Start 

e. 

Data  Byte  Count 

f. 

Intermediate  X-Y  Points 

8- 

X-Y  End  Point 

h. 

Fill  Point  (Areas  only) 

i . 

Z  (Elevation)  Points  where  applicable 

j* 

Data  organized  in  255  word 

"bags" 

These  lists  were  stored  in  the  PDP-11/70  files  and  transferred  to 
8"  floppy  disks  for  use  in  the  lab  equipment. 

4.  Map  data. 

For  the  English  Channel  area,  approximately  26,000  X-Y  points  (100K 
bytes)  were  recorded  to  describe  all  features.  Digitization  required  51 
manhours.  For  the  West  German  map,  41,000  vectors  (160K  bytes)  were 
required  with  a  54  manhour  expenditure.  The  difference  in  vector  count 
is  the  result  of  a  rather  large  area  of  water  in  the  Channel  area  which 
required  only  boundary  information  in  the  data  base. 


_ DATA  BAG  (255.  WORDS 

DATA  BLOCK  (VARIABLE)  _  [ _ DATA  BLOCK  (VARIABLE 


AREA  ID  (1) 


FEATURE  ID 


DATA  BLOCK  COUNT 


XSTART 

Ystart 


DATA  BYTE  COUNT 


MUST  BE 
SAME  AS 
XSTART* 
YSTART 


XFILL 

yFILL 


o 

o 

a 

< 

H 

< 

a 


LINE  ID  (2) 


FEATURE  ID 


DATA  BLOCK  COUNT 


XSTART 

YSTART 


DATA  BYTE  COUNT 


Xl 

Y1 

x2 

Y2 


I 


XN 

YN 


* 

/-v 

O  CO 

a  i 

<  § 

E-* 

<  CM 

a  w 


POINT  ID  (3) 


FEATURE  ID 


DATA  BLOCK  COUNT 


Xl 

Y1 


X2 

y2 


yn 


ALPHA 


L: 


ALPHA  ID  (4) 

FEATURE  ID 

DATA  BLOCK  COUNT 

XSYMBOL 

ysymbol 

CHAR.  2 

CHAR.  I 

CHAR.  4 

CHAR.  3 

NUL  BYTE 

DELIMITER 

CHAR.  N 

ELEVATION 


m  _ 

ol 

e  25 


<  ^ 
a  w 


ELEV¬ 

ATION 


ID  (5) 


FEATURE  ID 


DATA  BLOCK  COUNT 


Xl 

Yl 

Zl* 


X2 

Y2 

Z2* 


I 


XN 

YN 

Xn* 


*  ELEVATION  IS  INTEGER 
VALUE  IN  HUNDREDS  OF 
FEET.  ROUND  ACTUAL 
VALUE  TO  NEXT-HIGHEST 
HUNDRED  FEET. 


Figure  4.  Map  Display  Data  Format 


Two  important  aspects  of  the  map  display  effort  become  evident  from 
these  efforts: 

a.  The  data  base  for  a  map  is  not  large  (not  megabytes) 

b.  Even  manually  derived  data  bases  are  feasible  for  a  given 
area  in  terms  of  manhours  required. 

As  cultural  features  become  available  through  DLMS  and  other  digital 
data,  the  extraction  of  the  X-Y  data  for  the  graphics  system  will  become 
automated. 

Techniques  such  as  Run-Length  Encoding  and  Pattern  Recognition  will 
play  an  important  part  in  this  number  crunching. 


PICTORIAL  RESULTS 


1 .  Introduction 


The  following  photographs  (figures  5  through  20)  taken  of  the 
RAMTEK  high  resolution  monitor  illustrate  the  information  formats  and 
variations  possible.  During  the  execution  of  this  program,  a  number  of 
these  pictures,  as  35  mm  slides,  were  submitted  to  the  Air  Force  as  a 
part  of  the  progress  reports.  Included  in  these  submittals  was  a  Fulda 
Gap  attack  scenario  with  accompaning  35mm  slides.  This  scenario  follows 
and  representative  photographs  are  included  in  this  report. 

(|)  Map  cultural  features.  Most  of  the  figures  shown  represent 
combinations  of  features  making  up  the  basic  map.  Each  includes  the 
listing  of  the  features  used  in  the  particular  map  presentation. 

(2)  Computed  features.  Graphic  information  that  is  not  normally 
included  on  the  paper  map  being  digitized,  may  be  programmed  in  the 
graphics  machine  itself.  For  instance,  the  one  minute  marks  (time 
ticks)  along  the  flight  path  can  be  computed  based  on  the  aircraft 
position  and  speed  so  the  pilot  can  rapidly  assess  his  time  to  his  next 
waypoint. 

(3)  Other  graphics.  Figures  13  and  14  illustrate  other  graphics 
that  can  be  called  up  for  information.  In  this  case,  the  status  of 
Weapons,  ECM  and  Wing  Tanks  are  shown. 
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a  Attack  Scenario 


Mission  Planning  Complete  -  Data  Transferred  to  Aircraft  with  Data  Transfer  Module 


Attack  Scenario  (Continued) 
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Figure  5. 


Paper  Map  (1:500,000  TPC)  and  Electronic  Map 

(a)  All  Information  Displayed  (41,000  Vectors) 

(b)  Decluttered  to  Cities,  Divided  Highways, 
Airports,  Lakes,  Flight  Path  Overlay  (10,000 
Vectors) 
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(a)  North-up;  (b)  Track-up 
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Figure  10.  West  German  Area  -  Approaching  FEBA  with 
Ticks  on  Flight  Path  (Arrow  is  North) 
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Figure  12.  ATTACK  -  (a)  Approaching  Target  East  of  Lake  (North  up) 

(b)  Radar  and  Flir  "Footprint"  overlay  on  Target 
(Track-up,  Arrow  pointing  North) 


Figure  13.  Weapon  Status  Prior  to  Attack.  Left  ECM 
Wing  Tank  Full,  (Green  =  Armed,  Yellow  =  Standby) 
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ELECTRONIC  MOUING  MAP 


TF/TA  SITUATION 


ELECTRONIC  HOUING  NAP 


NAVIGATION 


CONCLUSIONS 


Several  important  facts  have  been  determined  during  the  Electronic 
Moving  Map  Evaluation  that  make  it  a  viable  approach  to  "situational 
awareness"  in  the  cockpit.  Foremost  among  these  is  the  size  of  the 
digital  data  base.  Although  the  detailed  requirements  for  a  given 
mission  are  yet  to  be  fully  defined,  the  results  thus  far  indicate  that 
a  data  base  under  256K  should  handle  the  tactical  mission.  This  is  not 
a  large  requirement  in  today's  memory  technology. 

Digitizing  map  data  was  accomplished  by  x-y  plotting  features  from 
paper  maps.  Typically,  with  all  cultural  features  recorded,  a  14,400 
square  mile  (120NM2)  area  required  about  50  manhours.  Data  resolution 
was  specified  at  175  feet  (0.008  inches)  to  get  a  fa  iful  reproduction 
at  the  highest  resolution  scaling  on  the  CRT.  Areas  rf  this  size  required 
the  recording  of  25,000  to  50,000  x-y  points.  Since  data  bases,  such  as 
the  DMA  in  the  future,  are  x-y  in  nature,  data  compaction  techniques 
will  reduce  them  to  a  comparable  level. 

Declutter  was  determined  to  be  multi-faceted.  First,  data  can  be 
selected  from  the  list  to  present  only  the  information  need  for  the 
particular  mission  segment.  Color  provides  discrimination  between 
features  and  zoom-in  expands  the  picture  to  effectively  reduce  clutter. 

From  the  standpoint  of  the  architecture  for  future  "graphics  gener¬ 
ators",  update  rate  for  dynamic  displays  is  the  driver.  Using  the 
rule-of-thumb  that  a  situation  display  should  be  updated  no  less  than  10 
times  per  second,  the  map  must  be  rotated,  translated  and  redrawn  at 
that  rate.  When  50K  to  100K  vectors  are  involved,  the  vector  generator 
and  the  associate  manipulation  of  data  must  be  processed  at  rates  approach 
ing  100  nanoseconds  per  pixel.  This  represents  extremely  high  throughput 
in  a  multiprocessor  system,  yet  it  is  within  the  state-of-the-art. 

Future  effort  in  the  map  display  development  should  include: 

a.  High  speed  graphic  processor  development 

b.  Man-in-the-Loop  simulation  and  evaluation 

c.  Flight  test  evaluation 

d.  Full  scale  engineering 

The  results  of  this  program  have  set  the  groundwork  for  these 


efforts . 


1 .  Recommendations 


The  following  recommendations  are  offered  for  Air  Force  con¬ 
sideration. 

MULTI  -  PHASE  DEVELOPMENT  TASKS 

□  Generate  Digital  Data  Representing  Typical  Map  Section 

□  Determine  Level  of  Detail  and  Resolution  Required 

□  Evaluate  Mass  Data  Base  Impact  such  as  DMA  &  Purple  Haze 

□  Provide  Selective  Detail/Declutter  Experiment 

□  Integrate  System  With  Compatible  Cockpit  Color  CRT 

□  Do  Man-In-The-Loop  Integration  With  Tactical  Flight 
Management  Algorithms 

□  Size  the  Airborne  Data  Base  To  Define  Memory  Requirement 

□  Determine  Processor's  Speed  Requirement 

□  Build  and  Flight  Test  Brass  Board  System 

□  Develop  Hardware  Specification 

□  Specify  Final  System  Architecture 

2.  Program  Phases 

Having  completed  the  First  Phase  graphics  evaluation  associated 
with  moving  maps  and  having  generated  the  tools  for  further  evaluation 
the  following  recommendations  are  offered: 

Second  Phase 


O  Use  Phase  I  2-D  Design  Tool  With  Controls  To: 

1.  Modify  Map  Detail 

2.  Selective  Declutter 

3.  Control  Cursor  Position. 


O  Digitize  Other  Map  Section  For  Display 


□  Include  Computer  Generated  Aircraft  Dynamics 
To  Evaluate  Tactical  Considerations 

□  Evaluate  3-D  Mapping  Requirements  Associated  With: 

1.  I  F  T  C 

2.  DMA  Data  Base 

3.  Purple  Haze 

4.  Tercom 

□  Evaluate  Overall  Program  Objectives  Using  Air  Force 
Personnel 

□  Specify  Next  Phase  Hardware  and  Software  For  Man-In-The-Loop 
Refinements 


Third  Phase 

□  Use  Tools  Developed  during  Second  Phase  to: 

1.  Develop  Man-In-The-Loop-Simulation 

2.  Test  and  Evaluate  A.F.  Pilot  Response 

□  Develop  basic  Breadboard  for  High-Speed  Vector  Draw 

□  Define  Crew  Interface  for  Simulation  and  Flight  Test 

□  Define  Architecture  for  Airborne  System 

Fourth  Phase 

□  Develop  Brass-Board  Graphics  Generator 

O  Design  and  Support  Installation  and  Test 
O  Evaluate  A.F.  Personnel  Test  Response 

□  Configure  Final  System  and  Write  Specification 


